Type 2 diabetes mellitus (DM) has been associated with lung dysfunction, but this association has not been explored in Hispanics/Latinos. The relation between diabetic nephropathy and lung function and symptoms has not been explored.
Prior epidemiological (1) (2) (3) and clinical studies (4) (5) (6) have shown that non-Hispanic whites and blacks with type 2 and type 1 diabetes mellitus (DM) have lower pulmonary function (i.e., forced expiratory volume in 1 s [FEV 1 ], forced vital capacity [FVC] , and diffusing capacity of lung for carbon monoxide [DLCO] ) than those without DM. Some of these studies found that lung dysfunction correlates with DM control, duration, and microvascular complications (1, 4, 5) .
We summarized the results of these studies in a qualitative review (7) . With respect to the magnitude of lung dysfunction, a meta-analysis found that FEV 1 , FVC, and DLCO are 5-10% lower in adults with DM than in those without DM (8). None of the prior cohort studies evaluated the association between DM and lung dysfunction in Hispanics/ Latinos (1) (2) (3) . Hispanics/Latinos have a higher prevalence of DM (9) , poorer DM control (10) , and higher prevalence and faster progression of microvascular complications (11) than other populations. In this context, we believe it important to evaluate whether Hispanics/ Latinos with DM present lung dysfunction and to assess the degree of this pulmonary impairment.
Lung dysfunction has been associated with DM, but whether this association has clinical consequences, such as dyspnea, is unknown. Adults with DM are more likely to have cardiac diseases, such as coronary artery disease (CAD) and congestive heart failure, leading to dyspnea. Therefore, one can expect that adults with DM are more likely to have dyspnea than adults without DM. Whether the dyspnea is solely due to heart disease or whether lung dysfunction associated with DM can also contribute to dyspnea has not been studied. Lung diseases, such as asthma, chronic bronchitis, and emphysema, and DM have a high prevalence and are likely to coexist in the population (12) (13) (14) , yet the impact of DM on lung function in adults with preexisting lung disease has not been studied. This can be important in the context of increasing overall morbidity and mortality from lung diseases (15).
The mechanisms that explain the association between DM and lung dysfunction remain unknown. One potential pathway provided by experimental (16, 17) and autopsy (18) studies demonstrated glycosylation of the lung tissue collagen and proteins, leading to interstitial fibrosis and alveolar capillary microangiopathy. If lung microangiopathy is responsible for the impairment in lung function observed in DM, it is reasonable to expect that this impairment correlates with other DM microvascular complications, such as diabetic nephropathy.
In this study, we evaluated whether 1) Hispanics/Latinos with DM present functional and symptomatic pulmonary impairment, 2) the pulmonary impairment associated with DM is present in adults without and with preexisting lung disease, and 3) the pulmonary impairment associated with DM correlates with albuminuria.
RESEARCH DESIGN AND METHODS

Participants
The design and conduct of the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) have been described previously (19) . The HCHS/SOL is a prospective cohort study of 16,415 men and women who self-identified as Hispanic/ Latino (of Cuban, Dominican, Puerto Rican, Mexican, Central American, or South American origin) and were aged 18-74 years at baseline. Participants were recruited through a multistage probability sample design from defined communities in the Bronx, New York; Chicago, Illinois; Miami, Florida; and San Diego, California (20) . The first stage was a stratified random sample of census block groups, and the second was a separate stratified sample of household addresses within the first stage. Household members were then screened and sampled from the selected household addresses. Sampling weights were established based on the probability of selection, adjustment for nonresponse, trimming to handle extreme values of the weights, and calibration to the known population distribution and normalized to the entire HCHS/SOL target population.
The analyses of the current study are based on the baseline examination. Of the 16,415 participants, 1,960 were excluded due to missing data on lung function measures, FEV 1 , and FVC (n = 806); history of asthma or chronic obstructive pulmonary disease (n = 77); albumin-tocreatinine ratio (ACR) (n = 773); dyspnea questionnaire (n = 3); or other covariates (n = 301), leaving a sample of 14,445 for analyses, including 11,496 participants without DM and 2,959 with DM at baseline.
Assessments and Outcome Measures
The definitions and methods used for baseline measurements have been previously described (19) . Details on the laboratory collection, processing, and analysis can be found in the laboratory manual (20) .
Participants were asked to fast for at least 8 h before the examination. They were classified as having DM if any of the following American Diabetes Association criteria were met: 1) fasting plasma glucose (FPG) $126 mg/dL, 2) post-oral glucose tolerance test plasma glucose level $200 mg/dL, and 3) glycosylated hemoglobin (HbA 1c ) $6.5%. In addition to the laboratory test criteria, DM was defined based on current use of antidiabetic medications or self-report. The definitions and methods used for other baseline measurements (age, sex, Latino background, height, waist circumference [WC], cumulative smoking) have been previously described (19) . Lung disease (chronic bronchitis, emphysema, asthma) was defined based on self-report. In addition, standard digitized spirometric measurements of timed pulmonary function (FEV 1 , FVC) were performed based on Epidemiology Standardization Project (21) and American Thoracic Society (22) recommendations by using a SensorMedics model 1022 dry-rolling seal volume spirometer (CareFusion, Yorba Linda, CA). The methodology was standardized across the four field centers, and quality control and reproducibility were coordinated by a centralized pulmonary function reading center.
Heart failure (HF) was defined based on self-report. CAD was defined based on electrocardiograms of possible old myocardial infarction and/or self-report of heart attack or procedure (angioplasty, stent, coronary artery bypass). Fasting albumin and creatinine were measured in urine samples collected at the beginning of the examination. Normoalbuminuria was defined as ACR ,30 mg/g. Microalbuminuria was defined as ACR in the range of 30-300 mg/g, and macroalbuminuria was defined as ACR .300 mg/g. C-reactive protein (CRP) along with other blood tests were measured in a fasting blood sample collected at the study visit.
Dyspnea score was calculated similarly to other validated instruments (23) based on the following questions: 1) Are you troubled by shortness of breath when hurrying on level ground or walking up a slight hill? 2) Do you have to walk slower than people of your age on level ground because of shortness of breath? 3) Do you ever have to stop for breath when walking at your own pace on level ground? 4) Do you ever have to stop for breath after walking about 100 yards (or after a few minutes) on level ground? 5) Are you too short of breath to leave the house or short of breath on dressing or undressing? If the participants responded negatively to the first question, then the dyspnea score was 0. If they responded affirmatively to the first question, then the dyspnea score was the maximum of the ordered questions (question 1 = 1 point, question 2 = 2 points, question 3 = 3 points, question 4 = 4 points, question 5 = 5 points) because the participants' answers represented the extent to which they perceived breathlessness to affect their mobility.
Statistical Analysis
Cross-sectional analyses were performed to compare FEV 1 , FVC, and dyspnea score in participants with and without DM. Analyses were performed separately for participants without and with lung disease. A separate model tested whether the association between DM and lung measures was independent of systemic inflammation (CRP). For individuals with DM, the correlations between FEV 1 , FVC, and dyspnea score and DM control (HbA 1c ) and severity (ACR) were evaluated separately for participants without and with lung disease. To further explore the association between lung function and albuminuria, participants with DM were stratified by ACR (normoalbuminuria, microalbuminuria, and macroalbuminuria), and the mean FEV 1 , FVC, and dyspnea score for each group were compared with the group without DM and with normoalbuminuria (reference).
All analyses were weighted to adjust for sampling probability and nonresponse. Descriptive characteristics were computed for all participants stratified by lung disease and DM status. The means of lung measures were calculated by lung disease and DM status. Survey-specific procedures were used to calculate 95% CIs to account for the two-stage sampling design, stratification, and clustering. Baseline characteristics were computed and compared using t tests for continuous variables and x 2 tests for categorical variables. Linear regression analyses were used to calculate adjusted means of lung measures and to examine associations of these measures with HbA 1c and ACR. Models were adjusted for age, sex, Hispanic/ Latino background, height, WC, cumulative smoking, HF (for FEV 1 and FVC), and CAD (for dyspnea score). Age, height, WC, CRP, and cumulative smoking were continuous variables, and the remaining variables were categorical. All statistical tests were two-sided at a significance level of 0.05. All analyses were performed using SAS 9.3 software (SAS Institute, Cary, NC).
RESULTS
Compared with participants without DM, those with DM were older (54 vs. 38 years of age), more likely to be women (54 vs. 51%) and Puerto Rican (20 vs. 15%) and less likely to be South American (3 vs. 5%), had larger WC (105 vs. 96 cm), had more cumulative smoking (8.8 vs. 4.4 pack-years), had a higher level of systemic inflammation (mean CRP 5.6 vs. 3.5 mg/L), and had a higher prevalence of CAD (12.5 vs. 3.2%) and HF (4.6 vs. 0.9%). Baseline characteristics of the population by DM and lung disease status are presented in Table 1 .
After adjustment for covariates, participants with DM had lower mean FEV 1 and FVC values and higher dyspnea scores than those without DM (FEV 1 1 , FVC, and dyspnea score) between participants without and with DM stratified by age-groups (,45, 45-60, and .60 years old) and smoking status (never and ever). Results showed that independent of the age and smoking strata, participants with DM had a higher impairment in lung function and more dyspnea than those without DM (Supplementary Data).
In participants with DM, impairment in all lung measures (FEV 1 , FVC, and dyspnea score) correlated with ACR (Table 2 ). FEV 1 decreased by 7 6 2 and 13 6 4 mL per 100 mg/g increase in ACR (P , 0.01 for both) in those without and with lung disease, respectively. FVC decreased by 9 6 2 and 13 6 5 mL per 100 mg/g increase in ACR (P , 0.01 and P , 0.05, respectively) in participants without and with lung disease, respectively. Dyspnea score increased by 0.02 6 0.006 and 0.03 6 0.01 per 100 mg/g increase in ACR (P , 0.05 for both) in those without and with lung disease, respectively.
FVC inversely correlated with HbA 1c for participants with DM and without lung disease (Table 2) . FVC decreased by 16 6 7 L per 1% increase in HbA 1c (P , 0.05).
Participants with DM were further stratified into three groups based on ACR (normo-, micro-, and macroalbuminuria) and mean FEV 1 , FVC, and dyspnea score in each group and compared with the group without DM and with normoalbuminuria. For adults with DM and macroalbuminuria versus without DM and with normoalbuminuria, FVC was 15% and 10% lower for participants with and without lung disease, respectively, and FEV 1 was 6% lower and dyspnea score was 2.5-fold higher for both lung disease groups. The impairment in lung measures was twofold higher in individuals with DM and macroalbuminuria versus DM and microalbuminuria or DM and normoalbuminuria (Table 3 and Fig. 1 ).
CONCLUSIONS
In this large cohort of Hispanics/Latinos, we found that individuals with DM have lower FEV 1 and FVC (with more impaired FVC than FEV 1 ) and more dyspnea than those without DM. The impairment in all lung measures correlated with ACR in participants with DM. Compared with participants without DM and normoalbuminuria, those with DM and macroalbuminuria had much lower FEV 1 and FVC (with more impairment in FVC) and more dyspnea. The negative impact of DM on lung measures overall and stratified by albuminuria was The results generally are consistent with those of prior cross-sectional studies that included Caucasian and African American subjects and that demonstrated lower FEV 1 and FVC (with higher impairment in FVC) in adults with DM than in those without DM. Of note, although in the Atherosclerosis Risk in Communities study (1) [3.79-3 .83] L, P , 0.001). In both studies, the mean FVC was similar in participants without DM, and adjustment was performed using similar confounders (age, sex, height, smoking, central obesity); the higher magnitude of impairment in lung function in Hispanics/Latinos likely is related to overall poorer glycemic control and a higher rate and faster progression of microvascular complications compared with Caucasians and African Americans. However, other factors such as a genetic predisposition could also play a role and requires future investigation.
We evaluated the relationship between lung dysfunction and diabetic nephropathy in individuals with DM. Lung dysfunction correlated with ACR, and the impairment in lung function was twofold higher in participants with macroalbuminuria than in those with microor normoalbuminuria. Dyspnea score mirrored lung dysfunction. These findings suggest that lung dysfunction and symptoms may increase as disease worsens. Future studies should evaluate the decline in lung function over time in adults with DM and particularly in those with poor glycemic control and faster progression of microvascular complications. Detection of and prevention strategies to limit lung function decline once microalbuminuria is present should also be investigated in future studies.
This study did not investigate the mechanisms explaining lung dysfunction in DM, yet the correlation between impaired lung function and ACR, which was not affected by adjustment for CRP, suggests that biological mechanisms other than systemic inflammation play a role in this association (24) (25) (26) . The results suggest that intrinsic lung biological changes related to diabetic microangiopathy causes lung dysfunction and symptoms.
The findings demonstrate a negative effect of DM on lung measures not only in individuals without lung disease but also in those with preexisting lung disease. For these individuals, we found that FVC is particularly more impaired than in those without lung disease. These findings have potential clinical consequences. For instance, it is well known that hyperglycemia predisposes to pneumonia and chronic obstructive pulmonary disease exacerbations (27) . A potential explanation could be hyperglycemia-induced impairment in the chemotactic and bactericide properties of neutrophils (28) . However, the current results suggest that lung function impairment, particularly in adults with advanced DM (and extensive microvascular complications), also contributes to increasing respiratory morbidity in adults with DM. In fact, this hypothesis is supported by one of our prior clinical studies, which demonstrated that patients with diabetes and impaired DLCO had a higher odds of being hospitalized with pneumonia independent of hyperglycemia and comorbidities (29) . Future studies should address whether tighter targets for DM control in patients with lung disease limits DM-induced lung dysfunction and decreases respiratory morbidity and mortality.
We found that individuals with DM have more dyspnea than those without DM. Although adults with DM have a higher prevalence of CAD and HF (30) and are expected to have more dyspnea than those without DM (31), we demonstrate that an intrinsic lung disease also plays a role independent of other cardiac etiologies. Strategies to limit not only cardiac but also pulmonary origins of dyspnea should be sought to improve the respiratory and overall quality of life in adults with DM.
The strengths of this study include a community-based population, extensive data on potential confounders, and standardized spirometric techniques. In contrast to prior studies, we adjusted for cumulative smoking rather than smoking status (32), WC rather than BMI (33) , and HF. We acknowledge that basing HF on self-report rather than on an objective measurement, such as echocardiography, is a limitation. However, in a prior clinical study comparing DLCO in patients with and without DM, we adjusted for HF based on ICD-9 codes in one model and a combination of ICD-9 codes and echocardiography criteria in a second model (29) . Adjusting not only for clinical HF but also for asymptomatic systolic and diastolic dysfunction did not change the results (29) .
The main limitation of this study is related to its cross-sectional design. We cannot establish the direction of association between DM and lung dysfunction. Prior longitudinal studies yielded controversial results (7), but the majority showed that lung function continued to decline with DM progression. Morefrequent measurements and longer periods of follow-up are needed to better characterize the progression of lung dysfunction in adults with DM. In addition, a good characterization of the population, which is prone to the development of pulmonary microangiopathy and fibrosis, as well as a good understanding of the progression of lung function decline in DM are also needed before considering local therapeutic agents with potential proinflammatory properties, such as inhaled insulin.
In summary, this study brings novel findings to the literature. It shows that Hispanics/Latinos with DM have lung dysfunction that is likely more severe than that of Caucasians and African Americans; reports more lung-related dyspnea in individuals with DM; demonstrates a negative effect of DM on lung function in individuals with lung diseases such as asthma, chronic bronchitis, and emphysema; and shows that lung dysfunction and dyspnea in DM correlate with other DM microvascular complications, suggesting that alveolar-capillary microangiopathyrelated mechanisms play a role in this association. W. contributed to the data analysis, discussion, and review and editing of the manuscript. O.L.K. is the guarantor of this work and, as such, had full access to all the data in the study takes responsibility for the integrity of the data and the accuracy of the data analysis.
